Abstract We studied carpal tunnel pressure and outcome of endoscopic carpal tunnel release in 42 patients (53 hands) with carpal tunnel syndrome (CTS) and receiving long-term hemodialysis. We compared these results with those of 41 patients (49 hands) with idiopathic CTS. Pressure was measured peroperatively: first, before dilation of the carpal tunnel; second, after dilation but before release of the transverse carpal ligament; and third, after completion of the release. In patients receiving long-term hemodialysis, the highest pressures were 76.9, 56.0, and 7.8 mmHg respectively. In patients with idiopathic CTS, pressures were 68.8, 44.1, and 4.0 mmHg respectively. The clinical outcome was inferior in patients receiving long-term hemodialysis.
Introduction
Long-term hemodialysis is a well-known cause of carpal tunnel syndrome (HD-CTS) [3, 6, 7, 8, 16, 17, 22] . With advances in the technique of hemodialysis, the number of patients suffering from HD-CTS has increased [3, 4] . Clinical symptoms are relatively similar to those of idiopathic carpal tunnel syndrome (I-CTS), but the clinical results after surgery between the two types are different [6, 7, 8, 11, 12] . Using endoscopic carpal tunnel release (ECTR), difficulties in HD-CTS such as bleeding and poor vision in the surgical site due to the proliferation of synovial tissue have been reported [2] . The purpose of the operation is to decompress the median nerve. Decompression is accomplished by the complete release of the transverse carpal ligament (TCL) [2, 14, 17] . By measuring the pressure throughout the carpal tunnel during the ECTR, sufficient decompression can be achieved and incomplete release avoided [2, 17] . We can also prevent excessive release leading to neurovascular injury [20] . In this study, we performed ECTR with simultaneous measurement of the carpal tunnel pressure using the original method in HD-CTS and in I-CTS. We compared clinical results and pressure and investigated factors contributing to clinical outcome.
Materials and methods
Between December 1994 and May 2001, 42 patients (53 hands) with HD-CTS and 41 patients (49 hands) with I-CTS were selected. CTS was diagnosed by the appearance of clinical signs and preoperative electrophysiological studies of the median nerve. Patients with polyneuropathy were excluded. Details on the patients are listed in Table 1 . Clinical results were evaluated according to Kelly's criteria [5] .
Measurements and operations were done under local anesthesia or axillary nerve block with or without a pneumatic tourniquet (250 mmHg). To exclude the influence of the injected lidocaine, measurements were made 10 min after the local injection [2, 15] . The operative procedure was essentially based on the technique described by Menon [11] . We made a 1 cm transverse skin incision on the wrist crease. In each patient, an obturator 4.5 mm in diameter was inserted into the carpal tunnel, then two dilators were inserted into the tunnel for blunt dilation. A cannula with an obturator was inserted, and a 30°, 4-mm in diameter arthroscope without a sleeve was introduced through the cannula. A special knife was used to release the TCL.
Pressure was measured with a device made up of a number 10 Foley balloon catheter (C.R. Bard, Inc., Malaysia) and an A-line blood pressure measurement system (blood pressure transducer: Bio-kit, NEC San-ei Instrument, Ltd., Tokyo, Japan; pressure monitor: Bioview-3000, NEC, Tokyo, Japan). The inflation tube of the balloon was connected to the transducer by a three-way stopcock and the entire system, including the balloon, was filled with saline at a pressure of 200 mmHg. The length of the balloon was 10 mm, and its center was positioned 20 mm from the tip of the catheter. A plastic stylet was left in place in the catheter in order to stiffen it. The diameter of the balloon was 6 mm at a pressure of 200 mmHg. The distended balloon catheter, partially inflated with saline, was inserted into the carpal tunnel until the distance between the skin incision and the center of the balloon reached 40 mm. The catheter was then slowly retracted. At the points where the distance between the center of the balloon and the skin incision was 40, 30, 20, 10 and 5 mm, we measured the pressure of the balloon. The pressure measurement was performed firstly, before the blunt dilation of the carpal tunnel; secondly, after the dilation but before the release of the TCL; and finally, after the completion of release of the TCL. After release of the TCL, we confirmed a complete release using the following criteria: (1) A wide opening of the cut surface of the TCL, (2) palpation with the blunt probe, and (3) decrease of pressure throughout the carpal tunnel.
We defined carpal tunnel pressure as the actual pressure measured minus 200 mmHg so that the change of pressure could be more easily understood. In a preliminary study, we had shown that the use of a pneumatic tourniquet did not affect pressure in the carpal tunnel.
Statistical analysis
ANOVA followed by Scheffe's multiple comparisons procedure was used to compare carpal tunnel pressures and clinical results between HD-CTS and I-CTS patients. To compare ages, preoperative symptom periods, and postoperative follow-up periods, we used Student's t-test. We used Fisher's exact probability test to compare the ratio of patients' sex and the ratio of patients who did not respond to electronic stimulation between the two groups. In HD-CTS patients, we compared age, preoperative symptom periods, period of hemodialysis, and carpal tunnel pressures between patients graded good to excellent (n=47) and patients graded fair to poor (n=6) postoperatively using Welch's test. Likewise, we compared the ratio of patients who did not respond to electronic stimulation using Fisher's exact probability test. The significance level for all tests was determined to be P<0.05.
Results
Clinical results were excellent in 40 hands, good in seven, fair in two, and poor in four in HD-CTS patients, while they were excellent in 47 hands and good in two among I-CTS patients. Clinical results were significantly inferior in HD-CTS patients compared with I-CTS patients.
Ratio of men to women was markedly different between the two groups. Mean age of HD-CTS patients (average 58.8 years) was higher than that of I-CTS patients (average 52.4 years). Mean preoperative symptom period was shorter in HD-CTS (average 15.5 months) than in I-CTS (average 32.0 months). Ratio of patients who had no response to electronic stimulation was higher in HD-CTS (15/53) than in I-CTS (5/49). No significant difference was found in the postoperative follow-up periods between the groups.
Among the various distances from the wrist, the highest pressures were recorded at 20 mm in 52 of 53 patients with HD-CTS and in 47 of 49 patients with I-CTS at the stage before blunt dilation. The highest pressure throughout the tunnel before blunt dilation was 76.9±23.8 mmHg, while after blunt dilation it was 56.0±27.7 mmHg, and after release of TCL it was 7.8±5.2 mmHg in HD-CTS (Fig. 1) . The highest pressures in I-CTS patients were 68.8±24.8 mmHg, 44.1±25.6 mmHg, and 4.0±3.8 mmHg at the three stages respectively (Fig. 2) . Pressures after dilation and after release of TCL were higher in HD-CTS than in I-CTS. The blunt dilation procedure decreased pressure by 36% of the pressure measured before blunt dilation in I-CTS, and by 27% in HD-CTS. In HD-CTS, no significant difference was found between patients graded good to excellent and those graded fair to poor in terms of ages, preoperative symptom period, ratio of patients who had no response to electronic stimulation, and carpal tunnel pressure before and after blunt dilation. Pressure after release of TCL was significantly higher in the groups graded fair to poor ( Table 2 ).
Discussion
Many methods that employ thin catheters to measure the absolute value of carpal tunnel pressure have been reported previously [1, 2, 9, 17, 15] . It is possible to measure pressure in the closed cavity by these methods [15] . However, after completion of the release, the carpal tunnel was thought to be a rather open space that was not suitable for conventional thin catheter methods of pressure measurement. This was because, in open spaces, all pressure in the tunnel is apt to escape around the tip of the thin catheter [15] . Our balloon method has a disadvantage, as it cannot measure the absolute value of the pressure [13, 21] . After pressure has been decreased following release, as in a cadaveric specimen reported by Nakao et al. [13] , the balloon method has been found to be quite useful for evaluating the subtle change in the tunnel [13] .
We know of no previous report on the difference in pressure in the carpal tunnel between HD-CTS and I-CTS. Lundborg et al. [10] reported the threshold pressure required to provoke CTS but not the difference in pressure that we have described. Our results showed some differences between HD-CTS and I-CTS, including variables such as age, sex, and preoperative symptom period. Nevertheless, pressures before blunt dilation were not different. From this result, it is possible to believe that the threshold pressure of the median nerve is constant regardless of etiology.
Pathogenesis of HD-CTS has not yet been fully explained [3, 6, 8, 17] . Kinugasa et al. [8] reported the different histopathologies between HD-CTS and I-CTS. The main histopathologies in I-CTS were edema and fibrosis in the tenosynovium and epineurium secondary to the increased pressure of the carpal tunnel, while those of HD-CTS were amyloid deposition and macrophage infiltration [8] . In accordance with these findings, those researchers recommended conservative therapy for I-CTS and surgery for HD-CTS [8] . Seradge et al. [19] reported a decrease in carpal tunnel pressure after a 1-min exercise of the wrist and fingers. These results were useful for explaining why many patients suffering from CTS were able to relieve the numbness at night with hand exercises [19] . From the mechanical nature of the edematous change, it would be reasonable to think that the temporary decrease of carpal tunnel pressure was achieved by exercise involving wrist and finger motion. It also would be reasonable to explain the decrease in pressure after blunt dilation procedure in I-CTS that was observed in this study.
Only a few reports about the clinical results in ECTR in HD-CTS [2, 6, 16, 17] are available. Kinugasa et al. [8] reported clinical results using Kelly's criteria [5] . In Table 2 Details of patients receiving long-term hemodialysis their study, 83% of I-CTS patients and 71% HD-CTS patients were graded good to excellent. Generally speaking, a poorer prognosis was reported for HD-CTS than for I-CTS. In our study, all patients with I-CTS were graded good to excellent, but only 89% of HD-CTS patients achieved that status. Many reports support the reliability of using nerve conduction velocity to evaluate the condition of the median nerve [16, 18] . The higher ratio of patients with HD-CTS who had no response to electronic stimulation might reflect the severity of the syndrome in these patients. In HD-CTS patients graded fair to poor, mean pressure after release of TCL was higher than in those graded good to excellent. This finding indicates that, in some severe patients, sufficient decompression might not be achieved with ECTR. In those patients, conventional open decompression or another method such as removal of the flexor sublimes tendons will be necessary to reduce carpal tunnel volume [16] .
